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(31) Application No. 5777073 (22) Filed 13 Dzc. 1973

{31) Convention Application No. 315031 (32) Filed 14 Dec. 1972in
153) United States of America (US)

144) Complete Specilication Published 14 Jul. 1976

15h INT.CL?  DOSL 1/16

152} Index at Acceptance DIP A3 JA? ICIA 1C4

{72y Iaventor: THOMAS D. STORM

{54) METHOD OF CLEANSING POLYEST. ER-CONTAINING FABRICS

("l) We, THE PROCTER & GAMBLE COMPANY, 3 Corporation organised and existing -

undze the laws of the Statz of Ohio, United States of America of 301 East Sixth.Strzet, Cincinnati,
Ohio 45202, United Staies of America, do hereby declare the invention, for which we pray that 3
patent- may be granied to us, and the method by which it is to be performed, to be particularly
éescribed in and by the Iollowm-' statement:-

This invention rclates to a process for removing oily, i.e. fatty soils and stains, especially
uizlyceride soils and stains, from a polyester fabric whcrtby the fabric is soaked in an aquzous
solution containinz a lipase and calcium and/or magnesium ions and, therzafler, washed in a
coaventional mannes.

Prior-art laundry products and procedures exhibit one or more deficiencies when used to clean
oil stzins from cloth, especially polyester or- polyester fabric blends. Effective removal of
trizlyceride stains Irom polyester fabrics has been largely accomplished by relatively inconvenient
and expensive methods of dry cleaning. Therefore, a process which would permit the economical
and efficient removal -of such -eoils and stains from. polyestes fabrics and with the aid of
conventional household laundry equipment would be desirable.

The present invention provides a process for semoving oily soils and stains from a polyester
fabiic (as hereinafter defined), comprising the stéps of (a) sozking the polyeswer fabric, for a
time-period sufficient to degrade lhe oily soils and stains, in an -aqueous soaking solution at a
wemperature of from 30°F 10 J60°F and at a pH of from 510 11, said solution coniaining from
1 ppm to 50 ppm of a lipase enzyme having lipolytic aetivity in the aforesaid temperatute and pH-
ranzes, 2nd czlcium andjor magnssium ions :nd (b) thereafter washing said fabric with an aqueous
solution of a d..lug:m composition,

The expression “polvester fabric™ herein refers not only to fabrics which are entircly of
polvester but also to fabrics containing polyester and one or more- othcr malcnab especially
cottoa. Come—e -

The process of the present mvcnuon whereby oily smls and stains are r2moved from
pohvester-containing fabrics, involves two esszntial steps. The first step consists of soaking the
paiyester Fabrics in an aqueous lipasc-containing composition, in the presence of calcium and/or
raagnesium ions under the conditions described zbove. During the reaction which proczeds,
wiglveeridss are degraded into diglycerides, monoglycerides andfor glycerine and free fatty acids.
The amoant of oily soil 1emoved from the fabric depends upon the soaking time pzriod, enzyme
Tconceniiation, pil of the soak solution, svak temperature, calcium or mzgassium jon
concantration and the type [2bric cleansed.

Lipase is an enzymz which catalyzes the hydrolysis of ester linkages in triglycerides yiclding
diglveerides, monoglycerides or glycerine and Iree fatty acids. The hydrolysis of triglycerides by
firas2 has been known in the at. The use of lipases in cleansing opciations his also baen known
and is described, Inr example, in German Paient 491 219 (July 16, 1927), British Pateni 6823878
(Nosembzr 19, 1952) and in US. Patent 3431935 (June 24, 1969). Hovever, the piesent
twention gesides in - the superior removal of trizlycenide stains and soils. ¢.3. up 10 1007, tfiom

20  pulyesters fabrics or polyester/cotion fabric blends attained by the combined ciivets of a lipolytic

T

enzyme aud calcium and/or magnesium ion. Until the present invention, this Level of perdformance
has hzen availuble only by dry cleaning the fabrie.

The fipases of the invention are those which exhibit fipolytic activity undzr the conditons of
wagraines and pH normally encountered in laundry sitvations. The lipases suitoble hercin are
thus: which, are charactzriscd by suflicient enzymatic aclivity at a soaking temperature of from
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4U°F 10 160°F in a pl! 1ange of from § 1o 11 to doprade and thus render more easily removable
the vily svils and stains normally encountered in o bundry situation.

Lipasss suitable herein include those of snimal, plant or microbiological origin. Fow studies
- have been conducted of lipase distribution in plants, but the enzyme is present in cambium, bark,
< 2 in plant roots. In addition, lipases have been shown to be present in the secds of fruit, oil 3 5
palm, lettuce, rice bran, bardey and malt, wheal, oats and oat flous, cotlon, tung Kernels, corn,.

millet. coconus, walnuts, fusasium, cannabis and cucurbito. .
Suitsble lipases are also found in many strains of bacteria and fungi. For cxample, lipases are
present in Pseslomonas, Aspergillus, Pncumococcus, Staphylococeus and Staphylococcus toxins,

L L I L
4

10 | Mycobactenium tuberculosis, Bycotorula lipulyfica, and Sclerotinia. 10 10
" Suitable animal Lipases are found in the body fluids and organs of ‘many species. Most urgans of
e mammalian body contain Epases, but in addition the enzymes. are found in several digestive
-juices as well as in pancreatic juice. A preferred lipase of animal origin is 2 pancreatic lipase.
Specific examplks of the commercially-available enzymes which are suitable for vse herein, the ,

1S pH 1anges of their optimum activity and theis source of origin are describzd as follows: - 15 15 0
Lipase - ’ " pH Range Source ' '
Rehyzyme PL—600 7-11 . Pancreatic Juice
Astra® .o 7-10 Microbial ’

20 Nagase - 1-9 - Microbial 20 Rl 4
Lipase YL ) 7-9 Microbial 3
Wallerstein AW ° 7-9 Fungal - i

M Amario M—AP 6-8 Fungal :
T .5 MeitoMY-30 : 6-8 Fungal : 5 , s :

2% AmanoCE . 6-8 Microbial ) 25 30
Amano CE-50 6-8 Microbial ‘ :
Amano AP—6 6-8 Fungal - H
Takeda 1969—4-9° 6-8 Microbial

30 o “Astra” and “Takeda™ are registered trade marks. 3o X

‘ The concentration of lipase employed in the soaking step is an amount sufficient under the 1

normal laundry soaking conditions to degrade oily soils and stains so as to effzct their
removability.. While the concentration employed will depend wpon the particular enzyme
35 employed, the activity of the enzyme, the nature of the soil or stain, the soaking time, the pH of 35 ) 3
the soaking solution and the like, a concentration in solution of fron: 1 ppm to 50 ppm lipase is
employed. The fabrics ase usually soaked from | to-20 hours preferably from S to 10 hours 1o
rendesr polyester and polyester/cotton blends essentially free of triglyceride type stains. The:
employment of levels of lipase below | ppm tends to extend required sozking periods while the .
40 . use of 2 concentration of greater than 30 ppm tends {o provide little further benefit and is 40 a0
economically unattractive. Swatches of Dacron (a Registered Trade Mark), a polyester {abric, .
soiled with olive oil and soaked for a four- to five-hour period in 3 soaKing solution containing
2 .- S0 ppm pancreatic lipase and thereafier washed in a convendonal laundry detergent are rendered
) Hrée oftirglycénide Soil. A preferred concentration range is from 2 to 10-ppm, the concentration of :
'Y 00 pﬁm.‘be‘mai‘h_r’li_’_gﬁ_lag_lx desirable for reasons of soil-removability, economic considzrztions and 45
3 Smpunt ol ;spak-lime Ecessary for improved soil removal. A 10 ppm solution of Jipase will remove -
Srier 50 of sht triglyceride stains from polyester cloths during a 10-hour soak period; up to 1007
“of the soil is1emoved when the soak-time is extended from 10 to 20 hours.
war-The activityJEvel of the enzyme employed will affect the amount employed in the soaking step. " iy
50 Prefersed_gje éngyrpes having an activity of from 10,000 to 20,000 units per gram (u/g) a5 S0 X
_determined by -the liberation of fatty acid from a triglyceride substrate under the coaditions -
“doséiibed Mo fully inthe Repont of the Enzyme Committee International Biochemical Union
VTG =
. 25T e fipdie Tan-bz Ticorporated into 3 soaking solution of the invention in a granular or liquid
form_or in ony. stable-form. Preferably the lipase is employed in 2 commercially-available form.
adinined with inent diluent or vzhicle matenals, and added to an aqueous bath in an amount
sulficient to provide from 1 to 50 ppm of enzyme. " )
Sutfactarts ¢ be employed in combination with the lipase and caleium andfor magnesium joz
in the soaking siep of the process of the invention. Suitablz susfactants are those which pernmit the
60 Jipase to exhibit its fatsplitting properties, incrase distribution of the enzyme throughout the 61
socked f:hrics and which exhibit cleaning propertics. Surfactants which interferc with caleium or
magnesium ions are preferably 10 be avoid=d. Thus, soaps in amounts which would form limz? scum ‘?
or cuids by reaction with all of the hardness jons should be excluded from the soaking si2p.
Inhibition of lipzse activity by the action of sutfactants tznds to be minimised with sxtendad 6‘- e E
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A wide varicty of deterzent compounds ate suitadle for uss herein. Examples of detergent
surfacrants vrhich <an be uszd-includs but-are not limited to: -

Svnthwtic organic detergents ¢haracterisad by their high solubility in water, their resistance 1o
precipimicm by the constitusnts of hzard water and their surface active and effective detergent
5 propeties, induding: T : -

{3) Anionic synthetic noa-soap detergents: This class of syathetic detergents can be broadly
“gescriped as the wates-solubls salts, particularly the alkali snetal (sodium, potassium, etc) s2lis. of
organic sulfuric reaction products having. in the molecular strusiure an alkyl radical containing
from about S 8o zbout 22 carbon atoms and 3 radical selected ftom ths group consisting of

10 suifoaic acid and sulfuric acid ester radicals. Important cxamples of the synthetic detergents are 10
the. sodium or potassium alky} sulfates, especially those obtained by sulfating the higher aleohols
produced by rducing the glycerides of tallow o1 coconut oit; sodium o5 potassium alkyl benzens
sulfonates, in which the alkyl group in.a straight or branched chain contains from-about 9 to abeut - %
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j‘ : 15 carbon atoms; espzcially those of the types described in United States Letters Patent Nos. & 3
A 15 2,220,099 and 2,477,383, sodium alkyl glyceryl ether sulfonates, especially those ethers of the 13 3 3
i ’ higher alcohols derived from tallow and coconut oil; sodium salts of sulfonated a-olefins 1
) contzining 8 to 22 carbon atoms, €.B. thosz described in US. patent No. 3,332,850, 30dium PSSk
R coconut oil fatty acid monoglyceride sulfates and sulfonates; sodium o1 potassium salts of sutfuric i.:,t%;_
. - acid esters of the reaction product of one mole of a higher faity alcohol (e.g. tallow oz coconut oil E'ﬁt
20 -alcohols) and about three molcs of ethylene oxide; sodium or potassium salts of alky) phenol 20 S
. ethylene oxide ether sulfate with about four units of ethylene oxide per moleculs and in which the TR
i - alkyl radicals coatain about-9 carbon atums; the reaction product of fatty acids esterified with H .;:»'33‘,
1 ~.jsethionic acid and ncutralised with sodium hydroxide whers, for examplz, the fatty acids are )} =
~ derived from coconut oil; sodium or potassium salts of fatty acid amide of a methyl taurine in %
35 .. which the fatty. acids, for example, are derived from coconul oil; and others known in the ar, 2 e
* pumber being specifically set forthin United States Leters Paient Nos. 2,486,921, 2,486,922 and ke
Lo+ 2396,278. s

{b) Nonionic synthetic detergentis: this class of synthetic detergents may bz broadly defined as
- compounds produced by the condensation.of alkylene oxidc groups (hydrophilic in nature) with
30 an-otganic hydrophobic compound, which may be aliphatic or alkyl aromatic in nature. The lergth
.- of the hydrephilic or polyoxyalkylene radical which is condenszd with any particular hydrophobic

. proup can be readily adjusted to yield a water-soluble compound having the desired degree of X

“balance between hydroplilic and hydrophobic clements. S o

. . _For example, a well known class of nonionic synthetic detergents is made available on the
35 market undzr. the trade mame of “Pluronic™ (Registered Trads Matk). These compounds are 35 ' 3

A

i

4

A

1

_formed by condensing ethylene oxide with 2 hydrophobic base formed by the condensation of B
propylene oxide with propylene glycol. The hydrophobic portion of the molecule which, of course -l
exhibits water insolubility has a molecular weight of from about 1500 to 1800. The addition of RO
" o polyoxyethylene radicals to this hydrophobic portion tends 10 increase the water solubility of the =4
740 molzéule as a whote and the liquid charactsr of the' producis is retained up to the point where the 40 S

) polyoxyethylenz content is about 50% of the total weight of the condensation product. .- : e 52

- ) -~ " Other suitable nonionic synthetic detergents include: (i) The polyethylenc oxide condensates gL
) .. of alkyl phenols, ¢.g.. the condensation products of alkyl phznols having an alkyl grovp contzining tf’ 2%

R from about 6 to 12 carbon atoms in either a straight chain of branched chain configuration, with
) 45 _ethylene oxide, the_ soid ethylene oxide being present in amounts equal to 10 10 25 moles of 45

" eihylenc oxile per male of alky! phenol. The alkyl substituent in such compounds may be derived %’3;

‘from polymeri'séd propylene, diisobutylene, octane, or ndnanz, for example. (if) Those derived B

A . from: the condensation” of “ethylenc " oxide with the product’ resulting from the reaction of 3
) . 7 propylent oxide and ethylene diamine — products which may be varied in composilion depending - 2%
| 50 wupun the balance between the hydiophobic and hydrophilic elements which is desired. For . L2,

=7~ - example, compounds containing from about 20% 1o-about 800 polyoxycthylere by weight and . é

%~ .5 having 2 molecular weight of from about 5000 to about 11.000, resulting from the seaction of
__ ethylkene oxide groups with 2 hydrophobic base constituted of the reaction product of ethylene
diamine and excess propylene oxide, said bas having 3 molecular weight on ths ‘order of 2500 to
§S 3000, are satisfactory. (iii) The condznsation product of aliphatic alcohols having fromR o I8 35
cathon atoms, in either straight chain or branched chain configuration, with ethylenc oxide,c.g. 2
coconut alcohol. éthylene oxidz condensate having from 10 to 30 moles of ethylene oxide per
mole of coconut alcohol, th: coconut aslcohol fraction having from 10 to 13 carbon atoms. ‘
(¢) Long chain tertiary amine oxides (nonionic detergents) conespoanding 1o the following
R . 60, . peneral fonmula RyR;R JN=0, wheicin Ry contains an alkyl zikenyl o mone-hydroxy atkyl 60
radical of from aboul 8 to about 18 carbon atoms from O 1o about 10 ethylene vxide moicties,
and from 0 10 1 glyceryl maicty, and Ry and R contsin from | fo about 3 carhen atoms 2nd :
from O to about I hydioxy grosp, €.5. methyl, ethyl, propyl. hydroxy ethy), or hydroxy propyl ' =
_ radicals. The arrow in the formulais 3 conventional representation of 2 semi-patar bond. Examples 3
g 65 of amine oxides suitable for uss in this invention includz dimethyldulecyl amine oxide, 63 -
R
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ol=y1di{2-hydroxyethyl) amine ‘oxide, dimecthyloziylamine oxide, dimcthyl-decylamine oxide,
dimethylizrzadzcylamine oxide, 3.6,9-uiox:»hcpud¢cy,ldiclhyhmin: oxide, dif2-hydroxyethyl)
tetradecylamine oxidz. 2.dodecoxy ethyl dimetlylamine oxids, 3-dodzcoxy-2-hydroxy propyl
dit 3-hydroxyp1op 1)-aminc oxide, dimethyl-hexadecylamine oxide. T
5 {¢) Long chain tertiary phosphine oxides (nonionic gz 12rgents) coniesponding 10 the following
genzial formula RR'R"P~0 whercin R coatains an alkyl, alkeayl-os mono-hydroxyaikyl 1adical
ranging from 8 10 18 cartbon atoms in chain lznzih, from O to about 10 cthylenc oxide moictiss
and from O to 1 glyceryl moiety ané R’ and R are each akyl of monoliydroxyalkyl groups
containing from 1 10 3 carbon atoms. The arrow in the formula is 3 conventional representation of
10 2 semi-polar bond. Examples of suitable phosphine oxides are: :
dodecyldims ihy'phosphinie oxide,. -
uu;dccyldimethylphosphine oxide,
mmdecylxmlhyklhylphosp}ﬁne oxide,
3;6.9-!rioxaocudecyldimelhylphosphine oxide,

.15 cetyldimethylphosphine oxide, . :

. 3-dodecoxy-2- ydloxypropyldi(z_hydrouyethyl) phosphine oxide,
.. stearyldimethylphosphine oxide, -+ - :

: oetylelhylpmpylphosphine oxide, " -

: oleyl diethylphosphine oxide, s

‘v ~0 -7 dodecyldicthylphosphine oxide, "

t2tradecyldie thylphosphine oxide,
dodecyldipropylphosphine oxide,
dodecy\di(hydtoxymzthyl) phosphine oxidz,
. _ dodecyldi(2-hydroxye thyi) phosphine oxide, :
25 - tclrad:cylrnelhyl—Z’-hydxqupmpy} phosphine oxide,
. oleyldimethylphosphine oxidz, and
. 2-hydxox‘ydodccyldim_ethylphosphine oxigs. i )
i {¢) Long chain -diatky) sulfoxides containing onc short chain alkyl or hydroxy alkyl radical of
’ 1 to zbout 3 carbon atoms (usually methyl) and on= long hydrophobic chain which contains alkyl,
- 30 atkenyl, hydroxy alkyl, o keto alkyl radicals containing from about 8 to about 20 carbon atoms,
from O to about 10 ethylene oxide moities and from 0 to'l glyceryl moicty. Examples include:
octadecyl methyl sulfoxide, s o : . :
2 ketotridecyl methyl sulfoxide, .

.. 3,6.9-uioxaoctzgl:cyl 2.hydroxyethyl sulfoxdde, .~ DA

35 - dodecylmethylsulfoxide, ) o 3
oley) 3-hydroxy propy} sulfoxide, - o . o

tetradecyl methyl sutfoxide, e - ’ :
3.methoxytridecyl méthyl sulfoxide, e T BRI ET g
. F-hydroxytridecyl methy) sulfoxide, - SR R S T
t-ag v 3:hydroxy-4-dodecoxybutyl e thyl sulfoxide. ~ " ¥ S
= { Ampholytic synthelic_detergenis can be broadly cescribed as derivatives of aliphatic
secondary. and tertiary amines in which the aliphatic radical can be straight chain or branched and
wherssin one of the aliphatic substituents contains from about § to about 18 carbon atoms and one
conlains an anionic water solubilising group,“€.2. carboxy, sulfonate, sulfate, phosphate, or
1 s phosphonate. - Examples of *gomnpounds  falllng - within this ‘definiion are sodivm
it 3-dodecylaminopropionate, “sodium ,3-dodecylaminopropane sulfonate,” dode cyl-beta-zlanine,

. N-alkyl-taurines such .2s the ‘one prepared by reacting dodecylamine with sodium iszthionate
.- according 10 the teaching of US. 2,658,072, N-higher atkyl 2spartic acids such as thoss produced
. accosding to_the teaching of US.. 2,438,091, and the, products sold” under the trade name , .

S0 *Miranol” and described in US. Patent 2,528,378. R L T 50
- - (g) Zwiterionic syn\ -

. e

e em e o
- =

hetic detergents can be broadly described as derivatives of aliphatic’
quaternary ammonium, phosphonium, and sulfonium cumpounds, in which the aliphatic radicals
L can be straight chain or branched, and whetein one of the aliphatic substituents contains from -
. about 8§ to 18 carbon atoms and one contains an anioic water solubilising group, ¢.g. carboxy, .
$5 sulfonate, sulfate, phosphate, or phosphc)mzle__ A general formula for these: compounds is: 55 : 55
I . AR ) L

.

. , R? -‘\'(’ )—CHl,—R*-2(-) :
wherein R? contains 3n alkyl, alkenyl, or hydroxy alkyl radical of from about § to sbuut 18
60 carbon atoms, from O 1o about 10 elhylene oxide moieties and from 0 to § glyceryl moicty:Yis 60 : 60
set>cted from the group consisting of nitrozen, phosphorous, and sulfur atoms; R? is an alkyl o1
mnnohydroxy alkyl group containing | to about 3 carhon atoms: X is 1 when y is a sulfus atom
and 2 whan y is anitrogzn or phosphorous atom, R*® is an alkylens or hydroxy alkylenc of* from 1
1u sbout 4 carhon atowns and Z is a radical selected from the group cunsisting of catboxylate,

65 sullonate, sulfaie, phosphonate, and phosphate groups. 6S 65

NZAS-0005158
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Examples  nclude 3. N-dimethylN-hexadzeylanimoniol . propanc-Jsulforate  and
3N N-dim: thyl-N-hexadecylammonin)-2-hydroxypropane- L-sulfonzte  which  are  especially
prefertcd ior thei excebent cool water dxteggenrcy characeristics.

Ths alkyl groups contained in said detergent surfactants cun be straighi of dranched prcterably
straich: ond saturated or unsatunated as desired. The above list of dstersent susfactiants is
exemplary and ot limiting. Mixiures of the sbove delergent suzfactants can be used.

Ths lipass and calcium or mepaesivr: salt which provides 3 source of hardness ion can be
jormulated, optionally in combinativn with surfactants describzd hereinbzfore, certain builders
and enzyme stabilisers in any suitable physical- form such as grznules (e.g. either spray-dried or
mechanically mixed), tablets, pastes or liquids. Such compositions can be odded to water to
provide an aquzous suaking bath for trzatment of fabsics as describ2d hereinbefore,

The compositions can also contain pariiculate inorganic salts which are inest, provids an
ckctrolyts content and which act as fillers. Examples of such salts include sodium sulfate and
sodium chloride. ’

Scquestering builder salts which gather or otherwise prevent the calcium or magnesium jons
from exhibiting theis. beneficial effects in soaking solution. should be avoided. Thus,

polyphosphates, aminopolycarboxylates and other sequestrants are preflerably avoided. Inosganic

alkaline non-sequestesing builder salts such as sodium sesquicarbonate, sodium tetsaborate, sodium
orthophosphate, the corresponding potassium salts and mixtures thereof can be suitabiy
employed. Accordingly, the soaking step of the process of the invention, in addition to being
conducted in the absence of interfering amounts of soap, is effected in the absence of amounts of
sequestering buildersalis sufficient to remove substantially all the calcium or magnesium ions from
the solution. .

Compositions containing a detergent non-soap surfactant and a non-sequestering builder salt
will normally contain these components in amounts corresponding to a ratio of such builder salt to
sutfactant.of from 1:] to 10:1, and preferably 1:J to 5:1. . .

The pHl-of the soaking step can be maintained at a particular and desired level by the

_incorporation of a buffering agent. While the soaking step will be efiected at a pH of from 510 11,

buffering agents can be employed to regulate pH within a desired range, e.g. the prefessed range of
8 to 10, 50 as 1o maximis2 the activity of the lipase employed. Preferred buffers for use herein are

., sodium tetraborate decahydrate and boric acid which maintain an acid-bzse balance within a pH

range corresponding to the optimum activity level. Other suitzdle buffers can be employed 10
maintain a desired pH 1ange Gepending on the particular lipase uszd in the presoak. Examples of

- other buffers include sodium bisvlfate, potassium bisulfate, monosodium phusphate, and sodium

35

40

45,

50

55 °

65

“acid pyrophosphates or mixtures thereof.

.- Othes minor ingredients can also be present in the soaking compaositions. Soil-suspending 2gents
such as sodium carboxymethylcellulose, optical brighteners, dyes, gsrmicidal agents, suds
depressants, and suds boosters, can cach be added in amounts up to about 10% by weight of the
composition. - B .o '

+.:An essentizl aspect of the soaking step of thz invention is that the soaking be efiectzd in the

. presence of calcium and/or magnesium ions. It has been discovered that the presence of 3 source of

such hardnzss jons with the lipase in the soaking step preatly facilitates the removal of fatty soils
and stains from polyester fabrics. The same removal is not obszrved in conncction with the-soaking
of cotton goods having oily soils and stains, The effect of calcium ion on lipase stability has been
described in the agt, for example, by E.D. Wills, in Advance in Lipid Ressarch 3, 197 0 240

" '(1965);the effect of haréness on lipase triglyceride-soil-removal from polyester fabrics, however, is
_ " not described. While appiicant does not wish to be bound by zny theory as to the mechanism
" “involved whereby calcium or magnesium ion plays a role in stain-removal, particularly in the case
- of polyester fabrics, penetration of oil into the Jurnzn (hollow circular cavity) of cotton fibres and. - =77

. s

inzccessibility of the 0il to the action of the enzyme may be involved.
“The amount of calcium’ or magnesium hardness ion employed in the soaking step will vary
“depending upon the soaking pH and temperatuse ‘and type of lipase used. For example, complete,
i.e. 1007 removal of fatty soil can be obtaincd using a mirimum concentration of about 1.5 gr/gal.
(i£. 2.42 x 107°M) hardness ion with 50 ppm Rehyzyme PL:6C0 at apH of 10 and 2 temperatute
of $0°F 2nd for a soaking 1ime of from about 10 10 20 hours. (The t2rm “'gallon™ or “gal.”™ herein
refers to the US. gallon). At lower pH values (e.g. pll of 8), corplete soil removal is accomplished
when a concentration of at least ahout 7 gifgal. (1.22 X 107> M) hardness ien is cployed ender
tr adove-described soriing conditions. Preferably from 6 1o 20 grainsfzallun calcium or
magitesium ion, especially 10 to 15, is employed to sssure high leve! sail removal parformance at
ptl cunditions of 6 to 8. :

Normally, ordinary tap water will contain dissolved minzeals such as calcium and magzsium
jons in amounts that will vary with gzographical Jocaticn. Thus. the natural water hardness of
vatying water supnlizs may or may not be sufticient to provide tke 1:vel of performance attainable
in the exercise of 1he present invention. T '

Accordingly, the calciuin andfor magnesium iuns nay be provided by a water-suluble calcium
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or magnesium salt, preicrably selected from calcium niteate, calcium chloside, - calcium sulfate,
mﬁgnezium pitrate, magnesium chlonide, magnesium sulfzte apd mixtures theseof. Hadness of the
souk andfor wash wawr is found 10 enhance rather than inhidit the lipase hydrolysis of oily stains:

The soaking step of the process of: the present invention can be earried out in any of the types:

5 of containers nommally found in the houszhold. Thus, the'svaidng st2p can be conducted in basins, 5 -
tubs. washtubs, buckets, puils-or the like so as to effect the soil- and stain-removing function of the:
combined empicyment of lipase and calcium sndfor magnesium ion. A preferred method of
cfiecting’ the soaking operation involves the usc of the laundry tub or basin of a conventional

. . nome washing machine. The conduct of the soaking step in this fashion eliminates the aced for

i 10 removing the garments for 2 subssquent washing operation which will normally be effected in 2 10 B0

washing machine. The soaking of the fabrics can be conducted with the aid of agitation. Such
agitation 8 conveniently employed as a2 means of reducing the soaking time required to effect soil.
and stain removal. R -

“The soaking operation can be conducted in accordance with usual laundry. soaking methods. A )

35 temperature in the range of from 40°F 10 £60°IF is used in order 10 ensure substantial cnzymatic 15 0

sctivity. A preferred temperature is from 90 F to 130°F. . . - . . '
The washing step, which follows the pre-soaking step described hereinbefore, is conducted in
the pressnce of an additional organic-detesgent composition. Suitable detergents for employment

o .-+~ in the washing step include, for example, any of the commercially-available heavy-duty laundry -

30 compositions employed in home laundering. Such detergent compositions will compriss 2 20§ a1l
. _water-soluble organic detergent and, preferably, 2 builder salt for enhanced cleaning propertics.

- Examples of suitabl: detergent compounds which can be employed aze those describzd

o percinbefore and the alkali metal soaps, such as the sodium and polassium salts, of natusally
occurring plant or animal esters {e.g. palm oil, coconut oil, babassu oil, soybean oil, castor oil, ,

25 tallow, whale and fish oils, grease and lard, and mixtures thereof) or of synthetically produced 25 : 25
fatty acids (e.g. rosin and those resin acids in tall oil) and/or of naphthenic acids. '
Suitzble builder salts will include alkali metal carbonates, borates, phosphates, polyphosphates.
bicarbonates and silicates. {Ammonium or substituted ammonjum salts can also be uszd). Specitic.
examples of such salis arz sodium tripolyphosphate, sodium carbonats, sodivm letraborate,

30 sodium  pyrophosphate, sodium  bicarbonate,” “potassium * uipolyphosphate, © sodium 30 - »
- hexamethaphosphate, sodium - sesquicarbonate, “sodium mono- and diortho phosphate and
- potassium bicarbonate. . . . Tt ; .

Examples of organic alkaline sequestrant buildes salts used alone os in admixtute include alkali
metal, zmmonium or substituted ammonium, aminopolycarboxylates, e.g: sodium and potassium R

o 35 .N-{2-hydroxyethyl)-ethylenediaminetriacetaies, sodium and potassium nitrilotriacziales and 35 33

: sodium, potassium and trizthanolammonium N.(2-hydroxyethyl)-nitrile diacetates. Mixed salts of

} _ ese polycarboxylates are also suitable. The alkali metal salts of phytic acid, e.g. sodium phytate
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are 2lso suitable 2s orgenic alkaline sequestrant Builder salts (sez US. Patent 2,739.942). The
detergent and builder components will normally be employed in such amounts as 1o provide a 4
: 40 patio of buildzr salt to organic detergent of from about 1:] 20 10:1. ~ 40 <0
Following completion of the lipase pre-soaking operation of the invention, the treated fabrics
are laundered in a conventional manncr with the ai¢ of an additional laundry compositivn
. comprising detergent surfactant and preferably builder comporients as described. The laundry
LS detsrgent component can bé added into the aqueous presoaking bath 50 as-to convenicntly effect -
by 45 the two-step process of the present inwention. Itis usual to'remove the bulk ‘of the soak liquer and 45 H»
) it may be desirable to provide a rinsing opezration subszquent to the lipase piesoaking sicp and prior
o the detsrsent washing operation. Such steps minimize the effect of the calcium andfor -
] - . magnesium jons of the presoaking step on the fevel of performance attainablz from the subszquent
N hundry washing step. The detergent washing step, which involves the use of conventional laundry :
.. 50 deterzent compositions in amounis customarily employed in home Jaundering operations, 50
facilitates the removal of the fragmented products resulting from the fat-splitting propzrtics of the
“Epase employed in the soaking step. Thus, the hydrolyzed products of the soaking, which may
include glycerine and fatly acids, are removed from the treated fabrics to provide improved
cleaning effects.

Fohrics trzated in accordance with the presoaking and washing steps of the present invention
are 1insed in the usual fashion. The rinsing operation can be convenicntly effectzd in 2 home

. washing machine as the usual rinsing operation which follows a conventional d=tergznt wash.
Following rinsing, the treated fabsics can b2 dried, itoned or folded as is customary in the laundry
arts.. :

The process of the present invention finds applicability to the removal of oily svils and stins 60
fromm 3 aumber of polyester or polyester-containing fabric materials. Thus, the process can bz
empioyed 1o rzmove oily soils and stains from fabrics woven from polyester fibres or from lsbrics
whichi employ combinations of polycsier fibres and other fibres {c.g. 63% polycsier. 33% cotton
blends). E.S:.mples of polyester fabrics are those woven or nonwoven maicdals fabricated fromn
polyester fibres, the most common of which aie copolymers of cthylene glycol and wrephthalic g3
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2id. Such fadrics ar commescially cvailable und:r a number of trade namss, e.g. Dacion, Forrel

"'i. ."" %‘ ..' 9‘

(Regisieved Tradz Mark), Kods} (Rezistered Trade Mark) and Biue C. Polyester. i
In the Examples which follow, cotton, polyester and pol_ycst:_tlco:lon, blends veere used 1O =
. dstermina the eftzct of a lipase/hardness ion (Ca** and Mg’ *) presoak on triglyceride siains. =g
Svatches were picparcd from cotton, Dacron, polyester (Fortrel)/cotton bleads; polvesier 5 '-a?‘;‘é_
(Fostrel)/cosion blends having a durable press (DP) finish; and poiyestes {Dacrea)icoiton binds -{'
having durable press and soil release (SR) finishes. The swatches were soiled, soaked and washed in ==
accordance with procedures describsd hercinafter. - A
Triglycerids slains were imparted-10 the fabrics by onc of two methods, Olive oil-typz stains asE
(e.g. ofive oil, triokin). were applied by dipping the fabiic into a- solution coatsining the 10 SOXE

tiiglyceridz conspound. Olive oil was diluted with isobuty} alcohol so that an even, constant soil
}evel was achieved. The soil Jevel was adjusted by varying thz oil to alcohol ratio. The various .
fabrics were then dipped into the soiling solution and the alcohol was allowed to cvaporate. Bafore - 5%
soiling. all of the swatches were placed in a constant temperature and humidity room for a period

of 2¢ hours and weighed. After soiling, the alcohol on the swaiches was allowed to evzporate and 15

the fabrics were seweiphed to obtain the soil weight. . S
Kraft (Registzred Trade Mark) French dressing type soils were applied to the fabric by usz of an PO
eyc dropper: the {abric was saturated with the oil and the excess dressing was allowed 1o absord R
onlo .an absorbent material. The stains were contained in. a2 circle of about 1-1;2 inches in N
diameter. A good duplication of scil Jevel wis maintained in this manner. The weighiag was. 20 ;1‘-':-".-
conductzd utilising the same method used for olive oil stains. - %’a—_’r—,
Soaking was conducted by scaking each soiled swatch in a szparate beaker contzaining 100 mk. =
of the soaking solution. Soaking solutions were provided by preparing 2 borate buffer solution ﬁ-ﬁ
-+, conlaining 6.07 g N2,Ba 0,.10 H,0 and 2.33 g 1;BO;. per lite of distitied water, adjusting to %’
desired and specified pH with hydrochloric acid or sodium hydroxide as required and adding as 25 X2 N
calcium chloridz dihydrate and magnesium chloride hexahydrate (Ca**/Mg* ™ weight/ratio 3{1) 10 3
a2 water hardness of 6 grains/gallon. ‘Lipase (Rehyzyme PL-600, a- pancreatic lipase from the L‘i
pancreas of pigs) wis then addzd at the specified concentraiion prior to soaking of th2 swatches. > o
- The swatches. were rinsed after the sovaking step to remove any scum which may have been }.:;
deposited upon the fabrics. . 30 " %
Thz soakinz 2nd rinsing steps were followed in each Examplz by a washing opzration, which poa
" was conducizd for 10 minutes at 130°F followed by two rinses at wo rainuies esch. The | e
. detergent composition employed consisied of 20% (by weight) C;, y linear alky! sulionate, 50% =2
Y -- sodium tripolyphosphate, 24% sodium sulfate and 6% sodium silicate, The d2tergsnt composition K
s 35 was 0.12% by weight of the aqueous wash solution. All washing and subszquest rinsing stzps were 35 2
A conducted in a miniature washing machine (Tergotometer) designed 1o simulatz a conventional -
b washiing machine. The percent soil removal was caltulatzd on the basis of weighing made bziore H ;%
s soiling, after soiling and after the washing step. : l ‘—;E
. . Example ] - . . : g3
3 i 10 Cotton, Dacron and polyestér fabric/blends were soiled with olive oil (8% levz!) and allowsd 0 40 I3 -
; sook for 20 hours at 100°F in a solution containing 50ppm Rehyzynie PL-600 lipase: 6 A
grains/gallon hardness jon in the. Na, B, 05, H3 BO; buffer solution hercinbefore describ2d: and at B
. .pH 10. The swatches werse "analysed_gravimetrically both before and after soiling 10 oblain the soil o
..~ weight. The weighing procedure was sepeated afier the lipase presoak and d=tergznt wash to obtzin . *ff
45 the percent sqil hydrolysed from the s -atch. Results of the sozking and washing mzthod of the 45 P
invention are set forthin Tablel. . -~ .~ -
R e . Tablel g_,;;
- -~ Fabdc . . . ) : % Soil Removal (by weight) Y
{ 0 — . ST ' 50 | E
100% cotton (controd)” ~ <. T . T - - 33% g
25/75.polyester/cotton T 93% T
' 25/75 polyester/cotton + DP ' 98% .-
¥ _35/6S polyester/cotion + SR . . , 72 :
. 55 35765 polyesierjeotion + SR+ DP 7 : 85% T3S !
65/35 polycster/cotton " ' 83% . -
65/35 polyesicrfcotton +DP - : £ =
65/35 polyester/cotion + DP + SR ) 1007 -
100% Dacron 97%A -
o : — 60 :
DP = durabk press ttiish SR = soil rekease finish . ) !
As is appatent from Table 1, the employment of 2 presoaking operation (6 pi./eatlon harlness; -~
20 hours: 100°F; pl1 10; S0 ppm Rehyzyme PL 60O and buffercd with Na2.B,0O,, 11,B0;) o
65 fullowed by 3 dztergent wash effects significant removal of olive oil stains Dom synthetic polyester 65
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and polvestcr/cotton blend fabrics. The removel is in contrast 1o that obisined in the €2y of the
cotton cont:ol. . - .
Example 11 - .
Dacron swaiches were soilzd with triclzin (37%) and soaked and washed in accordance with the
5 proccdures of Example 1. Soaking conditions were: pH 10; 20 hours; 109°F; 6 grfza'lon hardness:
Na, B.0;, H3BO, buffer. The lipase employed (Rehyzyme FL-600) was employed in the amoums

shown in Tatle 11.
Table 1}
10 ‘ Lipasc Concentration % Soil Removal
0 ppm . 14%
1 ppm . - 4%
10ppm - 9%
15 : 50 ppm 96%

In each case the Lipase presoak enhanced the removal of triglyceride stains.

Example I1] . e e . : . .

20 Dacron was -soilcd at .the 62% by weight level with French dressing (Kraft) employing the
soiling method described hereinbefore. The swatch was soaked, washed and percent soil removal
was determined. Soaking conditions were pH 10, 20 hours; 100°F; 6 gr/gallon hardness; N3, B(0,,

. H,BOy buffer; 50 ppm Rehyzyme PL-600. Soil removal of 75% was effected.

< Example IV . .

25 Dacron swatches soiled -with olive oil at an 8% kvel were treated in accordance with the
procedures of Example 1. Soaking conditions were: pH 8; 20 hours; 80°C; Na,B,0,, H,E0,
buffer; 50 ppm Rehyzyme PL-600. The amount of harness ion present is indicated in Table ]I
along with soil removal results. Data in excess of 100% represent analyticalerror.

- - Table Hi
3? Hardness (gr.fgal) Soit removal (%)
0o - .- - 30
0 : ’ ’ 61
3 - } S ST - 13
. 2 T .~ 78
. ) ) 5 s 93
o N | - 10
e . 200 e e 102
40

smesslnsdexpecificifion of our copending patent application No. 57771/73 (Serial No. 1442419)
T SEETHhOR WdSaibed$nd chimed a process for +emoving oily soils and stains from a polyestzt fabric
1, WMQQ, comprising the steps of (1) soaking the fabric in an aqueous solution at.a
. edemperaipre Of from 40°F to 160°F and at a pH of from 6 to 11, said solution containing from
v W m@?@%z lipase enzyme having activity in the aforessid temperatuze and pH ranges
L mesiEnd at least-50-ppm of a borax salt of the formula-M2B,0,.xH; 0, wherein M is an alkali metal
~ . . . .ja=—cdlign and-whaein X is an integer of from 6 to 11, for a period. of at least one hour, anc 2
T T RTIER W. 0 fabric with an aqueous solution of a d=tergent composition.
TROETWHATWE CPMM IS: Co |
=SeecdocA pioeessiod removing oily soils and stains from a polycster fabric (3s hereinbefore

. > isipg cthe stzps of (a) soaking the polyester fabric, for a time-period sufficient to
. ‘e dtgrade the oily seoils and stains, in an agqueoussosking solution at-a temperature of form. 40°F 10
__Tf_?;(:l)’fnad__?th U2 pH of from 5 to 11, said soluiion containing from ) Ppm 1o 50 ppm of a linuse
,s_j;m',r_r_m-hgwyoh'ﬁc activity jn the 2fore-ssid temperature and pHl ranges, and calcium :m:!,’o:
=="<-snagresium tens-and (b) thereafter washing said Fabric with an aqueous solution of a detergent

composition. ;
‘2,+A proces according to claim | wherein the lipass enzyme is of animal, plnt or

microbiological origin.

" 60 3. A prucess according to claim | or 2 wheicin the activily of the lipase is froin 10,000 to

"*¢20,000 unitz/s.
¢ -4.. A process according to any one of claims 1 to 3 wherein the calcium and/or magnesium salt
- concenliation in the aquzous soaking bath is from 6 grains/pailon 1o 20 grains/gallon. :

5. A process according to claim 4, wherein the s2id salt concentsation is froin 10 grains/eallon
65 1015 grains/zallon.

Y o)
~ & IS
2ot S SR S AL PO

. -
8
5
10
15
20 | !}'0
25 jf:
30 | R0
35 . 35
40 i-‘a
!
4
1
! 35
45 a7
50 . 50
)
55 i 55
t
60 ° ; 60
3
| 4
65 65

4
)
i
]

NZAS-0005162



1442418

10

15

SRR

ALY
-

s
w

R ST

2¥

'S
(]

-

.
w

ey
W
o

s Vi Yol e el
.

6. A process according to any one of clains 1 to S, whatein the cakium andlor maznesivm
jons are provided from a wates-solublz salt selected from calcium nitrate, calriuzm chloridz, calcium
sulfaic, magncsium nitrate, magnesium chloride, magnesium sulfzie, and mixtures thereol.

7. A process according to any of claims 1 10-6, wherein the fabric is svaked at 2-femperature
of from 90°F 10 130°F. ,

8. A piocess according to any one of claims | to 7, wherein ths soaking is effected for a period
of from J 1020 hours. .

9. A process according to claim 8, wherein the soaking is effected for a period of from.5 10 10

hours. :

10. A process according to any one of claims 1 to 9, wherein the concentration of the lipase is
from 2 10 10-ppm. .

11. A process according 10 any of claims I 10 10, whzrein the said pH is fiom8to 10, .

12. A process according to'any one of claims 1 to- 11, wherein the soaking step is effected in
the substantial absence of spaps and of sequestering agents.

13. A process according to any one of claims 1 to )2, wherein the polyester of the fabricisa
copolymer of tereplithalic acid and ethylene glycol.

14. A process according to claim 1 substantially as d=scribed in.any one of the Examples.

15. A polyester fabric having freed of oily soils and stains by ths method 1o any one of claims
1to 14, )

For the Applicants,
. CARPMAELS & RANSFORD,
Chartzred Patent Agents,
43 Bloomsbury Square,
. London, W.C.1.

Printed for Her Majesty's Stationery Office, by Croydon Printing Company Limited, Croydon, S
Published by The Patent Office, 25 Southampton Ruildings, London, WC2A TAY, from " 1976.
) which. copics may be obtained.
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